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Abstract 
Many NZ national household surveys have a requirement to produce statistics with 
adequate precision both for the whole of NZ and for important subpopulations, particularly 
the Māori and Pacific populations. General population surveys which make no special 
provision for these groups would generally not achieve sufficient precision for Māori and 
Pacific estimates when these are of particular interest. Kalton and Anderson (1986) 
described a range of strategies for sampling subpopulations, where the aim is only to 
produce statistics about the subpopulation and not national statistics. The purpose of this 
Official Statistics Research fund project is to extend the methods of Kalton and Anderson 
(1986) to better incorporate some of the complexities of household surveys, with particular 
reference to sampling the Māori and Pacific populations in New Zealand. 
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1 Introduction   
1.1 Background  
Many NZ national household surveys have a requirement to produce statistics with 
adequate precision both for the whole of NZ and for important subpopulations, particularly 
the Māori and Pacific populations. These groups comprise 14% and 7% of the total 
population, respectively (source: Statistics New Zealand, 2006 Census). General 
population surveys which make no special provision for these groups would generally not 
achieve sufficient precision for Māori and Pacific estimates when these are of particular 
interest.  
Kalton and Anderson (1986) described a range of strategies for sampling subpopulations, 
where the aim is only to produce statistics about the subpopulation and not national 
statistics. The strategies which can most readily be applied in practice were:  
• Disproportionate Sampling: The population is divided into strata which have some 
relationship with subpopulation membership. Strata with a higher proportion of 
people in the subpopulation are assigned a higher sampling fraction.  
• Screening: A large sample is selected. The first step in the data collection process 
is to identify whether the selected person or household is a member of the 
subpopulation. If they are, then a questionnaire or interview is administered. 
Typically the screening sample needs to be very large to ensure that enough 
members of the subpopulation are selected. It is therefore crucial to find economical 
means of identifying subpopulation membership; even so, screening is usually very 
expensive per eligible respondent achieved.  
The most common approach in practice is to use a combination of strategy 1 and 2, and 
Kalton and Anderson (1986) derived optimal sample designs for the case of one-stage 
sampling. They also pointed out the importance of finding a cost-efficient means of 
screening. 
Other strategies include multiplicity or network sampling, and snowballing. All of these 
approaches require responding subpopulation members to identify other subpopulation 
members, and to provide sufficient contact details to enable some of these to be contacted. 
This is sometimes feasible and can result in dramatic improvements in cost-efficiency. 
However, for many surveys of ethnic or indigenous subpopulations, asking subpopulation 
members to identify others would be considered offensive, particularly in urban areas 
where the rate of membership is relatively low. Moreover, ethnicity indigenous population 
membership is based on self-identification, and this can vary over time (Simpson and 
Akinwale, 2007), so that identification of others as indigenous could be unreliable. A recent 
experiment of network sampling for a survey of Japanese-heritage families in Brazil found 
that network sampling was much cheaper than probability sampling but subject to 
substantial biases, so that the method was recommended only to give rough indicative 
results and not when accurate population statistics are needed (McKenzie and Mistiaen, 
2008).  
Multiple frame surveys are another approach that can sometimes be used to sample 
subpopulations (see for example Lohr and Rao, 2000 for a recent discussion). Suppose 
there is a frame which contains the whole population and a partial frame for the 
subpopulation. A survey of the subpopulation using the first frame would have full coverage 
but would be inefficient with high standard errors given a fixed budget, because a large 
screening exercise would be needed. A survey using the second frame would be much 
more efficient but would be subject to bias. A multiple frame approach would combine both 
frames to give low bias and reasonably low standard errors for the subpopulation. A crucial 
issue is to avoid bias due to double counting individuals who are on both frames; this can 
be done if selected individuals on both frames can be identified. In New Zealand, there is a 
Māori Electoral Roll which could perhaps be combined with a full coverage area-based 
Sampling for Subpopulations in Household Surveys   
Official Statistics Research Series, 4, 2009  7 
www.statisphere.govt.nz/official-statistics-research/series/vol-4.htm  
frame in a dual frame method.  
1.2 Outline of this project  
The purpose of this Official Statistics Research fund project is to extend the methods of 
Kalton and Anderson (1986) to better incorporate some of the complexities of household 
surveys, with particular reference to sampling the Māori and Pacific populations in New 
Zealand. In Section 2, we extend the optimal designs in Kalton and Anderson (1986) in two 
ways:  
• The optimal design for two-stage sampling is derived. There is assumed to be 
accurate information on the population and subpopulation size for each primary 
sampling unit (PSU).  
• The designs are derived for an objective criteria which is a combination of variances 
for national estimates and for subpopulation estimates, rather than just 
subpopulation estimates.  
The new optimal design has some features in common with the design of Kalton and 
Anderson (1986), but targets PSUs and people within PSUs in a surprising way. The 
designs are evaluated using simulated data based on the 2001 NZ Census meshblock 
counts.  
One of the assumptions made by Kalton and Anderson (1986), and in Section 2, is that 
accurate population and subpopulation counts are available for all geographic areas in the 
population. In reality, census data must be used, and in New Zealand this could be up to 
five years out of date when a survey is conducted. Section 3 uses data from the 1996, 2001 
and 2006 NZ Censuses, matched at the meshblock level, to explore this issue. The level of 
change over time in proportions belonging to different subpopulations is analysed for 
various geographical areas. The effect of inter-censal change on the optimal designs from 
Section 2 is also analysed, and some alternative designs which allow for inter-censal 
population movements are evaluated.  
Disproportionate sampling gives useful improvements in the sampling of subpopulations in 
many cases, including the Māori and Pacific populations in New Zealand. However, the 
improvements go only a small way towards the level of oversampling needed for these 
populations. A large, costly screening sample is often also required, and it is therefore 
important to make the screening process as efficient as possible. Section 4 evaluates a 
method of screening which was used in the 2006-2007 NZ Health Survey, conducted by 
the NZ Ministry of Health. An initially contacted adult was asked to report on the ethnicity of 
all household members, and this information was used to guide the selection of one 
respondent from each household. The respondent’s ethnicity was then determined by a 
more reliable personal interview. Data from this survey are used to analyse how well the 
proxy report agreed with the respondent’s self-identification, and to what extent this 
improved the efficiency of the sample design.  
Section 5 evaluates another approach to improving the efficiency of screening. Māori voters 
have the option of being listed on the Māori Electoral Roll rather than on the General 
Electoral Roll. The addresses on the Māori Roll could be used to identify which households 
are likely to contain a Māori member, and this information could be used to improve the 
efficiency of sampling the Māori population. Addresses contacted in the 2006-2007 NZ 
Health Survey are compared to addresses on the Māori Roll, to see how well this method 
of screening agreed with the ethnicity identification in the survey. The improvement in 
efficiency from using the Roll in sampling the Māori population is evaluated.  
Section 6 contains conclusions.  
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2 Optimal sample design for sampling subpopulations in two 
stage surveys      
2.1 Introduction  
Kalton and Anderson (1986) derived formulas for the optimal allocation for sampling a 
subpopulation, using screening and disproportionate sampling by strata. The aim was to 
estimate either the prevalence of the subpopulation, or means from the subpopulation. In 
the latter case, the best allocation for fixed sample size of subpopulation members is to 
make the sampling fraction for each stratum proportional to the proportion of the stratum 
who belong to the subpopulation. The best allocation for fixed cost, under a cost model 
including the cost of screening (i.e. identifying whether a person belongs to the 





where ‘density’ is the proportion of the strata which belongs to the subpopulation and 
‘relative-screening cost’ is the ratio of the cost of screening a person to the cost of 
interviewing the person.  
The use of the square root means that the sampling fractions are only mildly 
disproportionate. A greater variation in sampling fractions across the strata often appears to 
be a more attractive strategy, but in fact this is less efficient because it leads to greater than 
optimal variation in selection weights. In the extreme, an overly disproportionate allocation 
can actually result in higher standard errors for estimates of the subpopulation compared to 
equal probability sampling, even though the achieved sample size of the subpopulation 
may be high (Gray, 2005). When the strata are not available for the whole population, a 
variation on strategy 1 is two-phase sampling, where stratifying variables are collected for a 
first phase sample. A stratified second phase sample is then selected from within this initial 
sample.  
The optimal allocation derived by Kalton and Anderson (1986) is of great practical 
importance. It is based on one-stage sampling, but is often applied to multi-stage sampling, 
in particular the general rule that selection probabilities should be approximately 
proportional to the square root of the density of the subpopulation in the strata. This can be 
achieved in a variety of ways:  
• Disproportionate sampling can be implemented by giving PSUs with higher 
densities of the subpopulation a higher chance of selection, or by using a higher first 
phase sampling fraction within selected PSUs with higher densities, or by a 
combination.  
• The use of a screening process may not be worthwhile in all PSUs. For example, it 
is intuitively reasonable to omit this phase in PSUs thought to have low densities of 
the subpopulation. On the other hand, it might be supposed that PSUs with low 
densities should be fully or mostly screened, to give the best chance of selecting at 
least a few subpopulation members in these PSUs.  
Section 2 develops answers to these questions. The general approach is to derive design 
variances for a two-stage, two-phase design, which is thought to be a reasonable 
approximation to many of the sample designs used in household interviewer surveys with a 
focus on estimates for small subpopulations. A simple model is then used to derive the 
anticipated variance, which is the model expectation of the design variance. The 
anticipated variance is easier to work with for sample design purposes, because it depends 
on fewer unknown parameters than the design variance, and is easier to estimate using the 
limited information available in the design stage of a survey. A cost model is assumed in 
terms of the number of PSUs, first phase sample sizes and second phase sample sizes, 
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and an optimal design is derived which minimises the anticipated variance subject to a 
constraint on cost.  
Section 2.2 defines notation and derives the design variance and anticipated variance. 
Section 2.3 is a derivation of the optimal design. Section 2.4 is a numerical comparison of 
the alternative design strategies using New Zealand census data as an example. Section 
2.5 suggests an adaptation of the optimal design for Statistics New Zealand’s household 
survey framework. Section 2.6 contains conclusions.  
It is assumed throughout Section 2 that the population and subpopulation sizes are known 
for all PSUs. In practice, these would normally be based on census data and would be out 
of date to some extent; this issue will be explored in Section 3. It is also assumed that 
screening is perfectly reliable. In practice, it is sometimes more efficient to use a rough 
initial screening tool for a first phase sample, with a more reliable determination of 
subpopulation membership for a smaller, second phase sample. Sections 4 and 5 evaluate 
two alternative means of screening which would be cheaper but less reliable than a 
personal interview.  
2.2 Theory on two-stage, two-phase sampling for subpopulations  
Notation and assumed design  
Primary sampling units (PSUs) (generally small geographic areas) are denoted by g . The 
set of population PSUs is IU  (of size M ) and the first stage sample of PSUs is Is  (of size 
m ). Final units (people) are denoted by i , and the set of all units is U . The set of units in 
PSU g  is gU .  
Subscript A  will be used for members of the subpopulation, and subscript B  for others. 
For example, AN  is the total number of units in the subpopulation. The density of the 
subpopulation in PSU g is denoted g gA gN Nϕ = / .  
The sample design is assumed to be as follows. PSUs are selected by Poisson sampling 
with probabilities gπ . A simple random sample without replacement (SRSWOR) gs′  (of gn′  
units) is selected from each selected PSU g . Screening information is collected from units 
in gs′ , to enable them to be accurately divided into members of the subpopulation and 
others ( gAs′  and gBs′ , of sizes gAn′  and gBn′  respectively). It is then assumed that all 
subpopulation members are selected, and a SRSWOR gBs  is selected from gBs′ . The final 
sample in subpopulation g  is denoted gAg gBs ss= ′ U . Let gBn  be the size of gBs  and 
define gBgB gBf n n= / ′ . It is assumed that gn′  and gBf  are defined for each PSU g  in the 
population, independent of sampling. The probability of selection for a unit i  in stratum h  







π π ′=  








π π ′=  
if Bi U∈ .  
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This design is not intended to exactly cover every design used in practice. Often PSUs 
would be selected by stratified sampling, or unequal probability sampling rather than 
Poisson sampling. There may be an intervening stage of selection between PSUs and the 
final units, for example households may be selected from each PSU and then individuals 
within households. The design we have assumed is intended to be simple enough to allow 
optimal designs to be derived, while still capturing the essence of the problem of sampling 
subpopulations. This will lead us to guidelines which survey designers can then adapt to 
suit their specific situation.  
Estimation  
It is assumed that the generalized regression estimator will be used. The variable of 
interest for unit i  is iy . The aim is to estimate ii UY y∈=∑ . Typically there is some 
auxiliary information about the whole population which can be used to enhance estimation 
of Y . Let ix  be the set of auxiliary variables for unit i , and let ii U∈=∑X x . The regression 
estimator of Y  is  
 
1ˆ T Ti i ir
i s
yY π −    
∈





i i i i i i i i
i s i s






= ∑ ∑b x x x  
is a weighted least squares regression coefficient of iy  on ix ,  





Y eY π −
∈
= +∑%  
where 
T
i i ie y= − B x  and 
1T





= ∑ ∑B x x x  is a population weighted least 
squares regression coefficient of { }iy  on { }ix .  
We will assume that the weights ic  used in the calculation of regression parameters have 
the property that ic λ=
T
ix  for all i U∈ , for some vector λ . In this case, the population 
mean, E , of { }ie , is zero (this can be shown using the same argument as in Sarndal et al, 
1992). This condition simplifies a number of our results, and would usually be satisfied in 
practice. For example it is true if the ratio estimator is used, or if 1ic =  and the auxiliary 
variables include an element equal to 1 for all i .  
The simplest example of a regression estimator is when ix  and ic  are equal to 1 for all 





















The only auxiliary information needed to calculate this estimator is the population size, N. It 
is clear that the condition that ic λ=
T
ix  for all i U∈ , for some vector λ , is satisfied. The 
variable ie  is equal to = −i ie y Y  , so that the intra-PSU correlation, population variance, 
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=∑  for the cluster totals of ie  and 1 1g g gN ee −=  for the cluster means. 
The variance for cluster g  is ( ) ( )1 22 1
g




= −− ∑ .  
It is further assumed that subpopulation totals are part of the benchmark information, so 
that 0A BE E= = . This would often be the case in practice. For example, annual 
demographically derived population benchmarks are available for the Māori and Pacific 
populations in New Zealand.  
Design variance for estimator of total  
The design variance can be derived as follows:  
[ ]
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where “const" refers to terms which do not depend on gg nπ , ′  or gBf .  
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because of the fact that 0A BE E= = . The variance is therefore given by substituting iAE  in 
place of iE  in all the terms in (2.2):  
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where  
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Similarly, the expectations of the terms in (2.3) are:  
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remainder of the expression. It follows that  
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Suppose we further assume that 1g g g g gN Nϕ ϕ ϕ− + ≈ . This approximation leads to 
optimal allocations which have less extreme low values of gπ . The assumption is 
reasonably accurate for larger values of gϕ , but not for smaller values (e.g. gAN  equal to 3 
or less). However we will still make this approximation because it substantially simplifies 
the algebra. Designs based on the approximation will be evaluated empirically in Section 
2.4. The approximation implies:  
 
 [ ] ( ) ( )12 1 2 2 2 2 1
I I
grA g g g g g gg
g U g U
AV N NnY ρσ π ϕ σ ϕ ϕ ρπ
−−
∈ ∈
≈ + − .′∑ ∑%  (2.6) 
If we assume that ϕ ρg <<1, then (2.6) becomes 
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2
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2.3 Optimal allocations  
We model the cost as:  
 0 1 2 3C C C m C n C n′= + + +  
where 0C  are fixed costs, 1C  is the cost per PSU in sample (typically mainly travel costs), 
2C  is the cost per screening interview (including time needed to contact the household or 
person, callbacks, and the time in collecting the screening data on whether or not the 
Sampling for Subpopulations in Household Surveys   
Official Statistics Research Series, 4, 2009  15 
www.statisphere.govt.nz/official-statistics-research/series/vol-4.htm  




0 1 2 3
0 1 2 3 3
2 30 1 3
1
1
I I I I
I I I
E
g g gg g g g g g gB
g U g U g U g U
g gg g g gB gg
g U g U g U
C E C C m C n C n
C C C C C fn n n
C C C C f Cn n
π π π ϕ π ϕ




∈ ∈ ∈ ∈
     
     
     
∈ ∈ ∈
′= + + +
= + + + + −′ ′ ′
= + + + + −′ ′
∑ ∑ ∑ ∑
∑ ∑ ∑
 
Suppose that the aim is to estimate a linear combination of the AV of the subpopulation 
estimator and the AV of the population estimator with respect to gπ , gn′  and gBf , subject 
to a cost constraint  
 E fC C= .  (2.7) 
Let P  be a value between 0 and 1. The objective measure is defined by:  
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  (2.8) 
(excluding constants, and substituting 
2 1σ = , as this does not affect the optimal design). If 
only the subpopulation was of interest, then P  would be set to 1, and if only the total 
population was of interest, P  would be set to 0.  
Theorem 1 states the optimal sample design for F .  
Theorem 1: Optimal design  
Let 
a







ϕ ρ≥ − −  (2.9) 
and let 
b
IU  contain other PSUs.  
The values of gπ , gn′  and gBf  which minimise F in (2.8) subject to E fC C=  and 1gBf ≤  
are .  
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Proof: See Appendix  
Unit-level probability of selection 
Let π i  be the probability of selection for a unit i in PSU g. It is assumed for simplicity that 
∈ aIg U . 
Define the effective unit cost per subpopulation unit in a selected PSU g to be the expected 
cost incurred per subpopulation member surveyed: 
 





= =g g g gg
g g g




















So, subpopulation members are sampled such that their probability of selection is 
proportional to one divided by the square root of their per-unit cost. This seems sensible, as 
there is a similar result for optimally allocated stratified sampling, where the probability of 
selection is also proportional to one divided by the square root of the per-unit cost. 
In contrast, if i is not a member of the subpopulation ( Bi U∈ ), then (2.10) implies: 
 
'






This again seems sensible as there are no screening costs associated with sampling BU  - 
the only purpose of screening is to over-sample AU . 
Special case: Estimating the population total only  
Consider the special case when national estimates are the only priority, so that 0P = . It is 
clear that (2.9) is never satisfied, so that every PSU belongs to 
b
IU . The optimal design 
comes from substituting 0P =  into (2.10):  
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This is the standard optimal two-stage design for estimating a population total, see for 
example Hansen et al. (1953).  
Special case: Estimating the subpopulation total only  
Another special case of interest is when only the subpopulation estimates are important, 
and national estimates are irrelevant, so that 1P = . In this case, (2.9) is always satisfied, 
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ϕ+ , the 
same as in Kalton and Anderson (1986). However, the optimal design achieves this in a 
surprising way. The probability of selection of PSUs is proportional to gϕ , which means 
targeting high density PSUs more aggressively than the square root of the density. 
However, the sample sizes within PSU are inversely related to the density gϕ .  
It is of interest to see the optimal design when screening is free. In this case, 2 0C =  and 
































= =′  
which is very close to the standard optimal self-weighting design, treating A  as the whole 
population of interest. This makes sense because in this scenario, there is no cost from 
fully identifying the subpopulation membership for everyone in U .  
Special case: A particular compromise allocation  
Power allocations are a method of allocating sample to strata where the precision of both 
stratum and national estimates are important (Bankier, 1988). An exponent between 0 and 
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1 defines the relative priority of stratum versus national precision. Suppose that we define 
strata to be A  and B , that is subpopulation members and non-members. Suppose that the 
exponent is 0.5 indicating that national and subpopulation estimates are of equal 
importance in some sense. Further suppose that the importance measure hX  for stratum 
h  in Bankier(1988) is set to the population size for the stratum, and that population means 
are constant across strata. Then the objective criteria (2.1) in Bankier (1988) is 
approximately equivalent to the criteriaF  defined in (2.8) in Section 2.3 with P  set to 
( )1 1 ANNP = / + .  
In this case, the cutoff for subsampling becomes 2 2
3 3
1 C CP




ϕ ≥ . For 
example, suppose 2
3
0 3CC = .  and 0 15ϕ = .  (as for Māori in New Zealand). Then the cutoff is 
0 15 0 3 0 045gϕ ≥ . × . = . . So subsampling would be used in PSUs where the proportion of 
Māori is 4.5% or more.  
This definition of P  gives a reasonable first attempt at a good design for both national and 
subpopulation estimates, and will be used in the numerical study in Section 2.4. In practice, 
the relative priority of national and subpopulation estimates is likely to be a difficult 
decision. P  would normally be chosen by providing a number of options to the survey 
owner or sponsor, or an advisory group. A value of P  would be chosen after perusing a 
table of the standard errors for national and subpopulation estimates that would be 
expected from each option for P .  
An alternative within-PSU selection method  
An alternative way of selecting the sample within each PSU g is to:  
• Select a main sample of ( )g mainn  units. All of these units are then interviewed.  
• Select an oversample of ( )g overn  units. Of these units, only those in the 
subpopulation, A , are interviewed.  









,  is  
 
( ) ( )
( ) ( )( )
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n nn






• When the only objective is subpopulation estimates, the optimal design in a two-
stage, two-phase family of designs has individuals’ probability of selection 
proportional to the square root of the density divided by one plus the density times 
the ratio of the screening cost to the interview cost. This is analogous to the result of 
Kalton and Anderson (1986) for one-stage stratified sampling.  
• The optimal design reduces to a standard self-weighting PPS design when only the 
overall population is of interest.  
• The optimal design targets more aggressively at the PSU level, and “under-targets" 
in sampling units within PSUs.  
• When the subpopulation and population are both of importance, so that 0 1P< < , 
two-phase sampling is only used in PSUs with density gϕ  greater than 
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1 (1 )CPP C ρ− − . For PSUs with smaller densities, the full interview is conducted for a 
simple random sample from the PSU, with no subsampling of members of 
population B.  
• The cutoff on gϕ  for subsampling does not appear to depend on the characteristics 
or rarity of the subpopulation, although in practice the value of P  could depend on 
the subpopulation being considered.  
2.4 Numerical study  
Simulated data  
Eight alternative sample designs were compared empirically using two binary variables 
simulated using 2001 NZ Census meshblock data. For each design, the design variances 
of the estimators for the population and subpopulation totals were calculated using 
formulas (2.2) and (2.3), respectively. PSUs were defined to be meshblocks. The 2001 
meshblock file contained 32173 meshblocks. Four meshblocks containing less than 5 
people and one in "areas outside Territorial Authority" were deleted, giving a total of 32168 
meshblocks. The subpopulation A  was defined to be Māori adults, and B  consisted of 
other adults.  
The two variables were simulated from the beta-binomial distribution, to give correlated 
data within MBs. This distribution is defined by:  
 
( )










where kY  is the value of the binary variable for unit k  in PSU i . The data was generated 
such that [ ]1 0 5kP Y = = .  for all k, and the correlation between values from different people 
in the same PSU was 0.025 and 0.1 for variables 1 and2, respectively. This was achieved 
by setting ( )10 5 1α β ρ −= = . −  in the Beta distribution, where ρ  is the desired within-PSU 




Y binomial N P












conditional on iP . The values of gAY , gBY , were generated from this model for each MB g . 




gBS  and 
2
gAS%  were calculated using these values, as for binary data 
these quantities depend in a simple way on gAY , gBY , gAN  and gBN .  
It was assumed that the generalized regression estimator is used with the only auxiliary 
variable being membership of the subpopulation, A  or B . Thus Ak kE Y Y= −  for Ak U∈  
and Bk kE Y Y= −  for Bk U∈ , where A A AY NY = /  is the mean of the variable over all 
people in subpopulation A  and B B BY NY = /  is the mean over all people in B . gAE  and 
gBE  were calculated accordingly.  
The symbol AN Nϕ = /  will denote the overall proportion of the population belonging to A .  
Designs considered  
The designs can be defined in terms of gπ , gn  and gBf . The designs considered were:  
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1gBf = .  
2) Approximately optimal design for the subpopulation total, derived in Section 2.2. 
This design results in only members of the subpopulation being interviewed. 
Meshblocks containing no Māori adults have zero chance of selection.  











+=  and 
0gBf = . This results in the person probabilities of selection being the same as in 
design 2, but the targeting all occurs at the first stage of selection.  
4) Target at First Stage, and also at Second Stage using a Rough Rule. This is the 
same as design 3, except that PSUs where gϕ ϕ≥  have their screening sample 
size ( gn ) increased by 20% and other PSUs have their screening sample size 
decreased by 20%. This option was included because it often seems preferable in 
practice to make the most of a PSU in sample with high gϕ  by topping up its 
screening sample size.  














= ; 0gBf = . This results 
in the person probabilities of selection being the same as in design 2 and 3, but the 
targeting all occurs at the second stage of selection.  
6) This is the approximately optimal design for the combined criterion, defined in 
Section 2.2, with ( ) 11P ϕ −= +  (Carroll Allocation).  
7) This is a simplified compromise design. The design has gπ  the same as (2), but 
with gϕ  replaced by ( ) 2gg ϕ ϕϕ = + /% , and gBf  is equal to 0.5 for all g .  
8) This is another simplified compromise design, with 2 1g g gN P Pπ ϕ∝ + − , 20gn =′  
and 0 5gBf = . .  
All of the designs were based on an intra-MB correlation of 0 025ρ = . , and a cost model 
with 1 2C = , 2 0 3C = .  and 3 1C = . All of the designs were normalized to cost 10,000 units 
according to this cost model. The values of gn  were rounded to the nearest whole number 
1 or higher, and truncated so that g gn N≤  in all cases.  
Results  
Table 2.1 (next page) shows the design variances for each design for variables 1 and 2, 
expressed as relative standard errors (RSEs) (i.e. the standard errors of the estimates 
divided by the true population total and multiplied by 100%). The combined criterion 
[ ] [ ](1 ) r rAP var PvarY Y− +% %  is also shown for each variable (divided by 1e7 for readability). 
Note that designs 2, 3, 4 and 5 give no chance of selection to non-members of the 
subpopulation, so the relative standard error (RSE) for the overall population and the 
combined criteria are not shown.  
For variable 1, design 2 (the approximately optimal design) is the best for the purpose of 
estimating the subpopulation total AY . For variable 2, design 3 (target at first stage only) 
performs slightly better. This may be because the intra-MB correlation for variable 2 was 
considerably higher than that assumed in design 2 ( 0 025ρ = .  vs 0 1ρ = . ). However 
design 2 is only slightly less efficient than design 3 in this case. Designs 4 and 5 have 
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RSEs around 5-10% higher. This is equivalent to the sample size increasing by 10%-20% 
for the same precision, so this is a substantial inefficiency. It can be concluded that: the 
best approach is to use the optimal design, if not, to target at the first stage only. Targeting 
at the second stage only is less efficient, and the ad hoc targeting at both stages is less 
efficient again.  
The approximately optimal compromise design, design 6, substantially reduced the 
combined criterion relative to design 1, not surprisingly. Two simplified versions, designs 7 
and 8, performed worse than design 6.  
Table 2.1 
Comparison of design variances of alternative designs 
Design Variable 1(ICC=0.025)  Variable 2(ICC=0.1)   
 RSE(%) RSE(%)  Combined  RSE(%) RSE(%)  Combined  
 Overall Subpopulation Criterion  Overall Subpopulation Criterion  
Design 1  1.35 3.85 7.58 1.63 4.08 9.82 
Design 2  n/a 2.01 n/a n/a 2.30 n/a  
Design 3  n/a 2.12 n/a n/a 2.30 n/a  
Design 4  n/a 2.21 n/a n/a 2.37 n/a  
Design 5  n/a 2.33 n/a n/a 2.50 n/a  
Design 6  1.43 3.10 6.81 1.74 3.35 9.35 
Design 7  1.52 3.18 7.55 1.72 3.27 9.06 
Design 8  1.52 2.94 7.19 1.91 3.30 10.69 
 
The designs derived in Section 2 assumed knowledge of ρ  and the cost parameters 
1 3C C/  and 2 3C C/ . In reality neither would be known perfectly. The intraclass correlation 
would need to be estimated by judgement, or using data from a pilot survey or a previous 
census or survey. Also, the design would be based on just one value of ρ , but many 
variables would be collected, with a different ρ  for each. The cost parameters are also 
difficult to acquire and would usually be based on judgement of a statistician or survey 
manager, or on cost data recorded in past surveys, which would be subject to many errors. 
Thus it is important to understand how the various designs perform if the assumed value of 
ρ  or the cost model is incorrect.  
Table 2.2 (next page) shows how the designs based on 0 025ρ = .  perform for estimating 
the subpopulation total when the true ρ  varies. The cost model 1 2C = , 2 0 3C = .  and 
3 1=C  is assumed to be correct. The last row of the table shows the performance of Design 
2 (the approximately optimal design for subpopulation estimates) when the correct ρ  is 
used rather than 0 025ρ = . . The table was calculated by simulating data based on the 
desired value of ρ  using the method described earlier in this section. The table shows that 
Design 2 based on 0 025ρ = .  is substantially better than Design 1 based on 0 025ρ = . , for 
every value of the true ρ  considered. Thus Design 2 is an effective method of targeting a 
subpopulation compared to not targeting at all, even if the assumed ρ  is incorrect.  
Comparing Design 2 assuming 0 025ρ = .  to Design 2 using the true ρ , shows that the 
former is very efficient even if the true ρ  departs moderately from 0.025 (in the range 0.01 
- 0.05). There is moderate inefficiency at 0 1ρ = . , increasing as ρ  becomes larger. For 
0ρ = , the best design is much more efficient than assuming 0 025ρ = . . However, the 
design based on 0ρ =  would not be a sensible option in practice, because it completely 
enumerates every person in the selected PSUs, which is highly nonrobust to small 
departures from 0ρ = . Design 2 is also superior to Designs 3, 4 and 5 for ρ  between 0 
and 0.1. Somewhat surprisingly, Design 2 using the true ρ  is not always the best design 
(although it is close to best except for the case of ρ =0). This is because design 2 is based 
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on a number of approximations so that the other designs can do slightly better in some 
cases. 
The conclusion is that Design 2 is a reasonably efficient design compared to not targeting, 
and compared to other designs for subpopulations, even if ρ  is not known precisely.  
Table 2.2 
RSE(%) for subpopulation estimator of designs assuming 0 025ρ = .  and 2 0 3C = .  for 
various values of ρ  
Design  ρ    
 0 0.01 0.025 0.05 0.1 0.2 0.5 1  
Design 1  3.80 3.82 3.85 3.91 4.08 4.33 5.08 6.05 
Design 2  1.93 1.96 2.01 2.10 2.30 2.62 3.42 4.40 
Design 3  2.07 2.09 2.12 2.17 2.30 2.50 3.07 3.78 
Design 4  2.17 2.18 2.21 2.26 2.37 2.56 3.08 3.75 
Design 5  2.29 2.31 2.33 2.38 2.50 2.69 3.22 3.91 
Design 2 with Correct ρ  and 2C   2.42 1.98 2.01 2.09 2.22 2.37 2.68 2.98 
 
Table 2.3 shows how well designs based on 0 025ρ = .  and the cost model 1 2C = , 
2 0 3C = .  and 1 1C =  perform when the true cost parameters vary. The assumed value of ρ  
is assumed to be correct. The main focus of this project is on efficient targeting and 
screening for subpopulations, rather than on optimal clustering, so only the cost parameter 
2C  associated with screening is varied. If the assumed value of 2C  is incorrect, the effect 
will be that Designs 1-5 will no longer be of equal total cost, so that comparing the RSEs 
from these designs would be misleading. To enable a fair comparison of the designs, the 
values of gπ  were multiplied by a constant factor so that each design is of equal cost under 
the correct variance model. The table shows that Design 2 is the best of Designs 1-5 for 
every value of 2C  considered. Substantial gains over Design 1 (no targeting for 
subpopulation) are seen in every case. The design based on the correct cost model is at 
best slightly more efficient than Design 2 in every case. Design 2 does become 
substantially less precise if 2C  is much larger than 0.3, however the other 5 designs in the 
table are affected just as much. The conclusion is that Design 2 is an efficient strategy even 
if there is great uncertainty about the correct cost model.  
Table 2.3 
RSE(%) for subpopulation estimator of designs assuming 0 025ρ = .  and 2 0 3C = .  for 
various values of 2C  
Design  
2C    
 0  0.1  0.2  0.3  0.4  0.5  0.75  1   
Design 1  3.46 3.59 3.72 3.85 3.97 4.09 4.37 4.64 
Design 2  1.29 1.57 1.80 2.01 2.20 2.38 2.76 3.10 
Design 3  1.49 1.73 1.93 2.12 2.29 2.45 2.81 3.13 
Design 4  1.60 1.82 2.03 2.21 2.38 2.53 2.89 3.21 
Design 5  1.78 1.98 2.16 2.33 2.49 2.64 2.97 3.28 
Design 2 with Correct ρ  and 2C   1.27 1.57 1.81 2.01 2.20 2.37 2.74 3.07 
Comparison of designs 2 and 6  
Table 2.1 suggested that design 2 is the most appropriate method when only the 
subpopulation is a priority. Design 6 was the best design when both the subpopulation and 
population totals are important. It is of interest to understand the behaviour of designs 2 
and 6, in terms of how the PSU and within-PSU sampling rates changes according to the 
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proportion of the PSU belonging to A . Figure 2.1 shows how these designs behave for 
meshblocks of size 100. (Similar behaviour would be expected for other meshblocks but 
the figure restricts to size 100 for clearer presentation.) The figure is based on the same 
values of ρ , 1C , 2C  and 3C  assumed in Table 2.1.  
Figure 2.1(a, next page) shows how the PSU probability of selection, gπ , depends on the 
proportion of the PSU belonging to A , gϕ , for design 2. There is a straight line relationship 
through the origin. for this design. Figure 2.1(b) shows the same plot for design 6. The 
values of gπ  increase more slowly as gϕ  increases, compared to design 2, indicating that 
targeting to high density areas is less aggressive for design 6.  
Figure 2.1(c) shows how the within-PSU sample sizes vary according to gϕ . The solid line 
is the within-PSU screening sample size, gn . It can be seen that the screening sample size 
actually decreases with the density. For gϕ  less than about 5%, the whole PSU is 
screened (however, if 0gϕ = , then 0gπ =  and the PSU is never selected). The dashed 
line shows the expected sample size belonging to A , gA g gn nϕ= . This sample size 
increases from 0 at 0gϕ =  to about 9 at 1gphi = .  
Figure 2.1(d) shows similar information for the compromise design, Design 6. The 
screening sample size is increasing with gϕ  up to a maximum of about 18 at 20g %ϕ ≈ , 
then gently decreasing. This is contrast to Design 2 where very large screening sample 
sizes were seen for smaller values of gϕ . The expected sample size of A , gAn , performs 
similarly to Design 2. Figure (d) also shows the expected sample size from non-
subpopulation members, gBn . This decreases from about 9 to 0 as gϕ  increases from 0 to 
100%. This is not surprising as it means that the sample size from B  increases as the 
proportion of the PSU belonging to B increases.  
For design 2, the sampling fraction for non-subpopulation members identified in the screen 
is 0gBf = . For design 6, gBf  is non-zero since the overall population total is of interest, as 
well as the subpopulation total. Figure 2.1(e) illustrates this. The value of gBf  is decreasing 
with gϕ . Equivalently, as the number of members of B  increases, the fraction selected 
decreases. For values of gϕ  less than 3%, gBf  is equal to 1, so everyone in the screening 
sample is selected regardless of whether they are in A  or B , i.e. the screening information 
is not used for subsampling and so the screening process could be omitted.  
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Figure 2.1 
Comparison of designs 2 and 6 for PSUs containing 100 people 
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2.5 Applying within Statistics New Zealand’s household survey 
framework  
Most Statistics New Zealand household surveys use primary sampling units which are 
groupings of a small number of meshblocks. These PSUs are less variable in size than 
meshblocks. Normally, equal probability samples of PSUs are selected within each stratum, 
and the target number of dwellings to be selected within each selected PSU is constant 
within each stratum. This leads to a self-weighting design where every dwelling in a stratum 
has the same chance of selection. Equal probability sampling of PSUs is convenient 
because it makes overlap control between surveys much easier to manage.  
One way of applying the principles developed here to SNZ surveys is to minimise F in (2.8) 
subject to 1gBf ≤  and the cost constraint E fC C=  as in Section 2.3, and also subject to 
additional constraints that gπ , gn  and gBf  are constant within strata. Let IhU  be the set of 
hM  PSUs in stratum h, and write g hπ π= , hgn n=  and gB hBf f=  for Ihg U∈ . In principle it 
is straightforward to minimise (2.8) with respect to hπ , hn  and hBf  subject to the same 
constraints as Theorem 1. However the resulting expressions are quite complicated, as 
some of the cancelling of terms which occurs in the derivation of Theorem 1 does not 
happen in the stratified case. A simplifying approximation which is probably adequate in 
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and 
bH  contains the rest of the strata.  
This design gives equal probability of selection to all PSUs in a stratum, and equal 
probability of selection of belonging to the screening sample for all final units in a stratum. It 
has the appealing feature that some strata will require a screen (
aH ) and others will not, 
with all PSUs in each stratum being treated the same. The design will only be efficient for 
subpopulation statistics if the strata capture a significant amount of the variation in gϕ .  
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2.6 Conclusions  
If only the subpopulation total is of interest:  
i. The design should be such that the person probabilities of selection are 




/ +  as recommended by Kalton and Anderson (1986) 
for one-stage sampling.  
ii. This should be achieved by “over-targeting" at the first stage (with PSU 
probabilities of selection proportional to the density gϕ ), and “under-targeting" at 
the second stage (with the screening sample size decreasing with gϕ , proportional 




/ + ).  
iii. Targeting at the first stage only, with (i) still satisfied, also seems to give 
reasonable results.  
iv. Targeting at the second stage only, or at both stages, is inefficient.  
If subpopulation and population totals are both of interest:  
i. The optimal design derived in Section 2.2, or an approximation to it, should be 
used.  
ii. This design also over-targets at the first stage and under-targets at the second 
stage.  
iii. The achieved sample size in A  in a PSU should be a gently increasing function of 
gϕ .  
iv. Similarly, the achieved sample size in B  in a PSU should be a gently increasing 
function of 1 gϕ− .  
v. PSUs containing a relatively small proportion in the subpopulation (in our 
example, 3g %ϕ ≤ ) should have a subsampling rate of 1 for non-subpopulation 
members found in the screen. That is, for low density PSUs, it is not worth using a 
two-phase sampling procedure.  
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3 Intra-Censal mobility and sample design for subpopulations 
3.1 Introduction  
The Household Survey Frame is a multi-stage sampling frame created by Statistics New 
Zealand and it consists of dwellings, households and persons in New Zealand. Almost all of 
Statistics New Zealand’s social surveys draw samples from the household survey frame. In 
the Census, New Zealand is divided into about 39000 Meshblocks, the smallest geographic 
output area. For the Household Survey Frame these Meshblocks are grouped into about 
21000 primary sampling units (PSUs) to make them more uniform in size with an average 
of around 70 dwellings each. When a PSU is selected for a survey the dwellings in it are 
checked or enumerated to create a household list. A further list of people in households is 
formed as the households are surveyed. The Household Survey Frame reduces costs by 
focusing first stage sampling on the PSUs, rather than having to maintain an up-to-date 
complete list of all households or people in New Zealand.  
The PSUs which make up the Household Survey Frame are grouped into strata using 
characteristics derived from the most recent Census. This information includes the 
geographic region, the urban or rural status of the area, and the population density of main 
ethnic groups in the area. Secondary stratification also occurs and uses socio-economic 
information. These strata on the household survey frame enable surveys to stratify their 
designs to make efficiency gains and reduce field costs through urban/rural collection cost 
differences. Stratification is also used to help select representative samples and to target 
(or over-sample) sub-populations by controlling the sampling rates of these groups.  
The household survey frame stratification for ethnic groups divides all PSUs into either high 
or low based on the density of the main ethnic groups of interest; Māori, Pacific or Asian. 
These ethnic strata are created using the most recent Census data. The New Zealand 
Census is held every 5 years, so 2001 Census data would be used for household surveys 
designed 2002-2006. Census data has shows over half of New Zealanders moved in the 5 
years between 2001 and 2006, and Māori are even more mobile than non-Māori with 60% 
moving usual residence between 2001 and 2006. In terms of stratification of PSUs it is the 
proportion of each ethnic group in an area which is of most interest: if an area is targeted 
as having a high proportion of Māori we expect to see that in the field. If the proportion of 
an ethnic group in an area changes significantly between censuses then the sample 
designs based on old information have the potential to be quite inefficient.  
Section 3.2 describes the construction of the matched census datasets. Section 3.3 
summarises correlations between proportions belonging to the Māori, Asian and Pacific 
populations in successive censuses. Section 3.4 describes regression modelling of inter-
censal change. Section 3.5 looks at intercensal change for meshblocks with small numbers 
of Māori in more detail. Section 3.6 estimates the effect of intercensal change on the 
efficiency of some sample designs from Section 2. Section 3.7 is a discussion.  
3.2 Matched Census data  
Census counts were used to examine the change in proportion of each ethnic group 
between the census periods. Census data has the potential to disclose individual 
information so confidentiality rules, including random rounding, are applied to the counts 
before the data is published. Correlations between proportions of ethnic counts ran on 
unconfidentialised data showed very similar results to those ran on confidentialised data, 
increasing our confidence in the analyses ran on the confidentialised data.  
Population counts of individuals (adults and children) from the 1996, 2001 and 2006 
censuses were used from the meshblock dataset(see ref 3). Statistics New Zealand 
collects ethnicity information about individuals, so although the ethnic composition of 
households is of interest to some surveys (and has impacts when sampling multi-ethnic 
households), this study focused on individual ethnicity. Ethnicity also has several coding 
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definitions, so for this analysis we used a total response ethnicity definition. This means 
that the ethnic totals include all responses when people choose to respond with more than 
one ethnicity (e.g. they are counted in each ethnic group they respond to).  
The census Meshblock boundaries change slightly between censuses, so previous years 
counts were extracted to be equivalent to the 2006 Meshblock areas. The Meshblock 
counts were aggregated into higher geographic groupings including primary sampling units 
(PSUs), area units (AUs), territorial authorities (TAs) and district health boards (DHBs).  
Figure 3.1 shows the 1996 and 2001 meshblock total populations, Figure 3.2 (next page) 
shows the 2001 and 2006 total populations.  
The correlation between the population count in meshblocks between the census years is 
strong; 0.762 for 2006 and 2001, and 0.878 for 2001 and 1996. This can also be seen from 
the scatterplots of the 2001 and 2006 meshblock proportions for Māori, Pacific and Asians, 
in Figures 3.3 (next page), 3.4 (p.30) and 3.5 (p.31), respectively.  
Figure 3.1 
Meshblock population counts 1996 and 2001 
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Figure 3.2 
Meshblock population counts 2001 and 2006 
 
Figure 3.3 
Meshblock Māori population counts 2001 and 2006 
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Figure 3.4 
Meshblock Pacific population counts 2001 and 2006 
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Figure 3.5 
Meshblock Asian population counts 2001 and 2006 
 
3.3 Analysis of correlations  
Correlations between the proportion of each ethnic group in 2006 and 2001, and 2001 and 
1996, were calculated for several geographies. The correlations are strong and positive 
and as the geographic aggregation increases the correlations strengthen. If people moved 
house but remained in the same town or general area then Meshblock and PSU 
proportions may change but proportions for the higher geographies like TA, would tend to 
remain more constant. The lowest correlation coefficients were for the Asian ethnic group in 
the smaller geographic areas. There has been a large increase in Asian people over this 
period.  
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 between Census years for the proportion of people in each ethnic 
group, weighted by population in the geographic area 
Geographic Unit  Number of Areas  Census Periods Ethnic Group   
   Māori Pacific  Asian   
Meshblock  33414  2006/2001  0.912 0.944 0.867  








74  2006/2001  0.997 0.998 0.996  
District Health Board (DHB)  22  2006/2001  0.998 0.998 0.997  
Meshblock  33948  2001/1996  0.910 0.936 0.822  
Primary Sampling Unit (PSU) 20912  2001/1996  0.936 0.954 0.852  
Area Unit  1777  2001/1996  0.987 0.990 0.959  
Territorial Authority (TA)  74  2001/1996  0.997 0.997 0.995  
District Health Board (DHB)  22  2001/1996  0.997 0.996 0.995  
 
*: Pearson correlation coefficients prob r>| |  under 0 0H ρ: = : all figures 0 0001p < .   
**The correlations for Area units, Territorial Authorities have been ran on independently randomly rounded totals - this is more 
accurate than adding together Meshblocks counts which have each been rounded.  
3.4 Regression modelling of mobility  
Linear regressions using the previous census proportion as the predictor variable were run 
using Proc Reg in the SAS statistical system. Each geographic area was analysed 
individually, and the focus was on the smaller geographic areas because the correlations 
for the larger areas (i.e. DHBs) were already very good. Plots with regression lines for 
some examples are shown below and Table 3.2 contains a summary of the regression 
estimates.  
Table 3.2  







R-Squared  Regression Equation   
Māori  2006/2001  Meshblock  0.8322  Y=0.01663+0.92161pmao01   










0.9931  Y=0.0003220+1.00910tamao01   
 2001/1996  Meshblock  0.8283  Y=0.01295+0.91957pmao96   
  PSU  0.8754  Y=0.00848+0.94640psmao96   
  Area Unit  0.9741  Y=-0.00206+1.00599aumao96   
  TA  0.9939  Y=-0.00470+1.01300tamao96   
Pacific  2006/2001  Meshblock  0.892  Y=0.00683+0.98053ppac01   
  PSU  0.9213  Y=0.00538+0.99498pspac01   
  Area Unit  0.9848  Y=0.00246+1.03286aupac01   
  TA  0.9964  Y=0.00204+1.01275tapac01   
 2001/1996  Meshblock  0.8764  Y=0.00522+1.020629ppac96   
  PSU  0.9096  Y=0.00369+1.04233pspac96   
  Area Unit  0.9799  Y=0.000095+1.08839aupac96   
  TA  0.9933  Y=-0.0009927+1.09010tapac96   
Asian  2006/2001  Meshblock  0.7511  Y=0.01480+1.09846pasi01   
  PSU  0.7921  Y=0.01184+1.13871psasi01   
  Area Unit  0.9343  Y=0.00131+1.31758auasi01   
  TA  0.9919  Y=-0.000996+1.36766taasi01   
 2001/1996  Meshblock  0.6757  Y=0.01344+1.00531pasi96   
  PSU  0.7264  Y=0.01067+1.06280psasi96   
  Area Unit  0.9196  Y=0.0004248+1.27769auasi96   
  TA  0.9893  Y=-0.00323+1.35855taasi96   
 
* The regressions for Area units and Territorial Authorities have been ran on independently randomly rounded totals - this is 
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more accurate than adding together Meshblocks counts which have each been rounded.  
3.5 Examining areas with low Māori counts in more detail  
People living in areas with the lowest proportion of a subpopulation, according to the latest 
Census, were assigned the lowest probability of selection in the designs developed in 
Section 2. If selected, these people would tend to have the highest estimation weight. In the 
extreme case where there were no subpopulation members in a PSU in the Census, 
residents might be given zero chance of selection. If Census counts are inaccurate this 
would lead to high variance and possibly undercoverage bias. Thus it is of interest to 
examine the effect of inter-censal population movements on areas with low subpopulation 
counts according to the Census.  
Table 3.3 summarises the distribution of the number of Māori in the 2006 Census for 
meshblocks which had 5 or less Māori in the 2001 Census. The table shows that there is 
considerable variation between the censuses for these meshblocks. For example, MBs 
which contained no Māori in 2001, had a 56% chance of containing one or more Māori in 
2006, with a mean of about 2 Māori in 2006. MBs which contained one Māori in 2001 
contained on average 2.7 Māori in 2006. This shows that the effect of inter-censal mobility 
on MBs with few Māori is much greater than suggested by the correlations shown in 
Section 3.3.  
Table 3.3 
Distribution of 2006 number of Māori for Meshblocks with 5 or less in 2001 
Number of Māori in 
MB in 2001  
Distribution of 2006 MB Māori Counts   
 Mean  SD  Q1  Median  Q3  %’age of Zero 
Values   
0 2.02 3.20 0 1 3 44  
1 3.14 3.46 1 2 5 22  
2 4.41 4.42 1 3 6 12  
3 5.15 5.07 2 4 7 10  
4 5.72 4.71 2 5 8 7  
5 6.53 4.70 3 6 9 5  
3.6 Implications for efficiency of sample design  
To evaluate the effect of intercensal change on sample design, a number of designs of the 
form of (2.12) were evaluated. Designs were calculated using 2001 Census data, and 
evaluated using the 2001 data and also using simulated 2006 population counts. In each 
case, the anticipated variance was calculated using (2.6). Values of 1 2C = , 2 0 3C = . , 
3 1C =  and 0 05ρ = .  were assumed throughout.  
The 2006 population counts were simulated as follows. The adult population total, gN , for 
each meshblock was assumed to be the same in 2001 and 2006. Let 01gAN  denote the 
number of Māori in MB g  in 2001, and let 01 01g gA gN Nϕ = / . Let 0101 AN Nϕ = / . Write 
06gAN  be the number of Māori in MB g  in 2006 and let 06 06g g gN Nϕ = / . An initial value of 
06gϕ  was generated from the Beta distribution with mean ( )0101 010 9 gϕϕ ϕ+ . −  and variance 
21 0 9  
 
− . , for each PSU g . The use of this conditional mean and variance ensures that 
06gϕ  has in expectation the same mean and variance over all MBs as gϕ , and also results 
in an observed correlation of approximately 0.9 between 01gϕ  and 06gϕ . The Beta 
distribution was used so that 06gϕ  was always between 0 and 1. 06gAN  was then calculated 
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by randomly rounding 06g gN ϕ  to its floor or ceiling such that 06 06gA g gE N N ϕ    = . Finally, 
06gϕ  was recalculated after this rounding using 06 06g gA gN Nϕ = / .  
The three designs considered used three different estimates of gϕ  in the (2.12): (1) the 
2001 proportion, 01gϕ ; (2) the 2001 proportion but with 0 counts of Māori adults replaced by 
1, so ( )01ˆ 1gA gg max N Nϕ = , / ; and (3) a shrinkage estimator ( )0101 01ˆ 0 9 gg ϕϕ ϕ ϕ= + . − . The 
designs were normalized to have cost of 12,500 units with the cost parameters mentioned 
earlier.  
Table 3.4 shows the results. All three designs were less efficient in 2006 than in 2001, with 
relative standard errors increasing by around 3%. Design 1 gives zero chance of selection 
for people in MBs which had no Māori population in 2001. This does not result in any 
undercoverage of the Māori population in 2001, but leads to about 1% of the Māori 
population being undercovered in 2006. This is not a severe undercoverage and might be 
considered acceptable in some surveys. Design 1 has the lowest standard errors, because 
the cost saving from not sampling MBs with no Māori in 2001 can be redirected into 
sampling more MBs and people elsewhere. Designs 2 and 3 have RSEs several percent 
higher. Surprisingly, design 3, which uses the best linear unbiased predictor of 06gϕ  using 
2001 data, is slightly less efficient than Design 2.  
The results suggest that intercensal mobility leads to several percent increase in RSEs. 
However there appears to be no benefit in trying to incorporate intercensal change into the 
sample design: just using 5-year old census data as if it were current gives the best results, 
according to our simulation. It should be noted that the simulation ignores change in MB 
total populations between censuses, and we suspect that this may also be a significant 
issue.  
These results are based on simulated 2006 data. The actual unrounded 2006 counts 
indicated that the undercoverage of Design 1 would be approximately 3% of Māori rather 
than 1%.  
Table 3.4 
Performance for Māori estimates of three sample designs based on 2001 Census 
data 




















Design 1  3532 0.926 0.00 3526 0.957 0.952 
Design 2  3471 0.935 0.00 3472 0.988 0.000 
Design 3  3437 0.934 0.00 3443 0.989 0.000 
 
1: Expected Number of Māori in sample  
2: RSE for Estimates of a Mean for the Māori population  
3: Proportion of the Māori population who would have no chance of selection in a survey using this design.  
3.7 Discussion 
Correlations between successive censuses’ proportions in each ethnic group were high for 
all geographies. Even for meshblocks, the correlations were around 0.9. For Area Units, 
Territorial Authorities and District Health Boards, correlations were 0.99 or higher, so 
intercensal change is negligible at these levels and can be ignored. The high correlation 
implies that Statistics New Zealand’s current method of assigning PSUs to high and low 
based on the previous census ethnic proportions is sensible.  
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The results in Section 3.6 suggest that intercensal mobility, at least for the Māori 
population, can be largely ignored in sample design. The optimal sample design described 
in Section 2 would have RSEs only a few percent higher if five-year old Census data were 
used. If meshblocks with no Māori according to the census were excluded, this would result 
in a simulated undercoverage of about 1% of the Māori population; real data suggests that 
this undercoverage is around 3%. Two alternative designs which incorporated intercensal 
mobility actually increased the RSEs, by a small amount.  
One emerging issue is that more Census respondents are selecting the general category 
“New Zealander". If Māori and Pacific people use this category in large numbers, this will 
reduce the effectiveness of Census data for targeting subpopulations. At this stage this is 
not a significant problem for sample design.  
This section modeled the 2006 counts conditional on the 2001 counts (and the 2001 
conditional on 1996). A better approach might be to model the 2006 and 2001 counts 
simultaneously, for example using a generalized linear mixed model, or a generalized 
Structure Preserving Estimation (SPREE) model (Purcell and Kish: 1979, 1980). This 
analysis would be expected to give the same broad conclusions as reached here.
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4 The use of proxy ethnicity to improve the efficiency of screening 
the Māori, Pacific and Asian populations      
4.1 Introduction  
Many national household interview surveys aim to produce statistics on small 
subpopulations, such as specific ethnic groups or the indigenous population of a country. 
These subpopulations are often small enough so that it is difficult and expensive to achieve 
statistics of a reasonable quality. For example, Australia, Canada and New Zealand all 
conduct surveys of their indigenous populations, which comprise 2.4% (Webster et. al., 
2004), 3.3% (Bowlby et al 2004) and 12.1% (Clark and Gerritsen 2006) of the total 
population of the respective countries. In New Zealand (NZ), a number of national surveys 
include Māori “booster" samples, including the 2001 Household Savings Survey, the 1998-
1999 Time Use Survey and the 2006-2007 NZ Health Survey. The NZ Ministry of Health 
has a policy of "equal explanatory power", where all reasonable efforts are made for Māori 
statistics to have quality as close as possible, in some sense, to non-Māori statistics. The 
Pacific and Asian populations are also of special interest in many NZ surveys, particularly 
on public health topics.  
In most countries, including those mentioned above, there is no reliable frame of the 
subpopulations of interest, so it is necessary to sample from the general population. This 
can be very expensive, and so it is desirable to oversample the subpopulations relative to 
the rest of the population. Kalton and Anderson (1986) described a range of strategies for 
sampling rare subpopulations. Two strategies of widespread applicability were screening 
and disproportionate sampling. Screening involves selecting a large sample and collecting 
data to determine whether respondents are members of the subpopulation or not. 
Disproportionate sampling involves dividing the population into strata and assigning 
different sampling fractions to different strata based on the proportion of the stratum 
population belonging to the subpopulation of interest. The strata are normally geographic 
regions.  
Other methods of sampling rare populations have been proposed, including network 
sampling, snowball sampling, intercept point sampling and dual frame sampling. The first 
and second of these methods rely on Māori being able to provide contact details for other 
Māori of their acquaintance. This is thought not to be culturally appropriate, or practically 
possible, in general population surveys. Dual frame surveys may be feasible for Māori as 
there is a Māori electoral roll, however this has not been used in surveys to date, due to 
coverage and accuracy concerns. The network, snowball and intercept point sampling 
methods are all at risk of severe coverage bias, and are often only useful as broad 
indicative information (McKenzie and Mistiaen, 2008).  
To improve the efficiency of screening, a two-phase approach can be used. A first phase 
sample is initially contacted, and a “cheap but imperfect" screening method is used to 
divide the sample into (a) those apparently in the subpopulation and (b) others (Kalton and 
Anderson, 1986). A second phase sample is then selected from each of these strata. A 
higher sampling fraction is used in stratum (a) than in (b). An extreme version of this is to 
sample from (a) only and not from (b), however this could result in severely bias estimates 
unless the first phase screening method is very accurate. Quoting Deming(1977), Kalton 
and Anderson (1986) suggested that the initial screen needs to be much cheaper than the 
second phase costs (a ratio of 6:1 or better) and the screening needs to be quite accurate 
(at least 75% of the subpopulation classified to stratum a). In practice it is often difficult to 
find a screening method which meets these requirements.  
A closely related method to two-phase sampling is to use a main sample and an 
oversample. All members of the main sample are selected for the full survey. For the 
oversample, an initial screening interview is conducted, and only members of stratum (b) 
are selected for the main survey. Units in stratum (b) thus have no chance of being 
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selected in the oversample, but they do have a chance of being selected in the combined 
sample, consisting of both the main sample and the oversample. Thus it is possible to 
calculate unbiased estimates from the combined sample. The method is sometimes used in 
household surveys where only one adult per household is interviewed. In this case, one 
member of stratum (b) can be selected from each household in the oversample, or no-one 
if there are no representatives of stratum (b) in the household. Wells (1998) described a 
sample design using this method, and investigated alternative methods of weighting. The 
approach has been used for oversampling the elderly in the Epidemiological Catchment 
Area Study in the United States, and for oversampling women 18-44 in the Christchurch 
Epidemiology Study in New Zealand (Wells, 1998). It was also used in the 2006-2007 New 
Zealand Health Survey to oversample Māori, Pacific and Asian people.  
For both two-phase designs and main/oversample designs, a cheap and reasonably 
accurate method of screening the first phase sample is needed. This paper evaluates the 
use of proxy reporting of ethnicity to oversample Māori, Pacific and Asian people. The 
approach is to use a core sample and an oversample of households. An initially contacted 
adult in each selected household is asked to report on the ethnicity of each household 
member based on an abbreviated ethnicity show card. One subpopulation (Māori, Pacific or 
Asian adults) member (if any) is then selected from each household in the oversample. 
One adult (regardless of ethnicity) is selected at random from each households in the main 
sample. The initial screening interview is still conducted in the main sample households, 
even though it is not used for selecting a respondent, because it is needed to calculate 
selection probabilities and weights (Wells, 1998). The approach can be used when the only 
aim of the survey is to measure the subpopulation, or when both subpopulation and 
population estimates are important.  
One advantage of this approach is that if there is only one subpopulation member in a 
multi-person household in the oversample, then that person is always selected. The initial 
household contact and screening process is relatively cheap, although perhaps not as 
cheap as recommended by Deming(1977). A disadvantage of the approach is that the 
proxy screening process is not always accurate. Subpopulation members in stratum (a) 
have a higher chance of being selected (and hence a lower estimation weight) because 
they can be chosen in either the main sample or the oversample. However, subpopulation 
members in (b) can only be selected in the main sample, and so have a lower chance of 
selection and a higher estimation weight. If the screener were perfectly accurate then the 
second case would not occur, but misclassification by the screener results in variation in 
the estimation weights between subpopulation members in (a) and (b). This increases the 
variance of estimates for the subpopulation. Misclassification by the screener also means 
that the main sample cannot be dispensed with, even if only the subpopulation is of 
interest.  
This section evaluates these trade-offs in the use of proxy screening for ethnicity, using 
data from the 2006-2007 New Zealand Health Survey. Section 4.2 describes the NZHS and 
the implementation of proxy screening in more detail. Section 4.3 evaluates the accuracy of 
the proxy ethnicity screener using NZHS data. Section 4.4 examines the variation in 
estimation weights that results from misclassification errors. Section 4.5 evaluates whether 
the screening tool is sufficiently accurate that the main sample could be avoided altogether. 
Section 4.6 contains conclusions.  
4.2 The New Zealand Health Survey (NZHS) 2006/2007  
The New Zealand (NZ) Ministry of Health conducts a national health survey approximately 
every three years to collect detailed information on health status, health risks and protective 
factors, and utilisation of health care services. The sample for the survey is selected using 
multi-stage sampling from an area frame, and the survey is conducted using computer-
assisted personal interviewing (CAPI) in respondents’ homes. The 2006/2007 NZHS was 
conducted over the 12-month period from September 2006 and included approximately 
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12,500 adults and 5000 children.  
The objectives of the survey included prevalence estimates of various conditions and other 
variables by sex and age group, for adults and children. Variables chosen for specific 
consideration in the survey design were obesity, tobacco use, GP visit in past 12 months, 
diabetes, asthma, problem gambling and stroke. Sufficiently precise prevalence estimates 
were also required by ethnicity (Māori, Pacific, Asian, European/Other). The aim was for 
the relative precision of Māori estimates to be as close as possible to that of national 
estimates. Estimates for the Asian and Pacific Peoples populations were also a priority for 
the survey.  
Area-based multi-stage sampling was used. The first stage consisted of a sample of 
primary sampling units (PSUs). Meshblocks (MBs), which are the basic geographic building 
block in NZ’s statistical system, were used as PSUs. Meshblocks vary considerably in size, 
with a mean number of dwellings of about 40 and a standard deviation of about 25. The 
second stage of sampling was a sample of dwellings from selected meshblocks and the 
third stage was a sample of one adult and one child (where available) from the selected 
dwellings. For the theory and practice of multi-stage area sampling, see for example 
Hansen et al (1953).  
First stage: Sample of meshblocks  
NZ is divided into 21 District Health Boards (DHBs) which are responsible for providing, or 
funding the provision of, health and disability services in their district. These are 
administrative regions used by the NZ Ministry of Health. A probability proportional to size 
sample of PSUs was selected, stratified by DHB. Within each stratum, the probabilities of 
selection for each PSU were proportional to the number of dwellings in the meshblock as 
recorded in the 2001 NZ Census.  
The PSU probabilities of selection were set to be proportional to the total number of 
dwellings in the PSU multiplied by the square root of the proportion of the DHB population 
who are Māori. This resulted in the final probability of selection for each household being 
proportional to the square root of this DHB proportion. This is the optimal allocation to 
strata for sampling a rare population where the screening costs are high relative to the cost 
of the full interview (Kalton and Anderson, 1986).  
Stages 2 and 3: Sample of dwellings within meshblocks and of people within 
dwellings  
The sample of dwellings within each meshblock was in two parts. A core sample with an 
expected sample size of 9.5 dwellings was selected; of these about 70% are expected to 
respond giving approximately 6.7 dwellings. One adult (15 years or over) and one child (if 
the dwelling contained any children) were selected from each dwelling in the core sample.  
The process of within-dwelling selection was for the interviewer to collect at least the name 
and ethnicity of all members of the household. This was done by proxy reporting, where 
any adult reports name and ethnicity of all usual residents. One adult and one child were 
then selected randomly from all household members.  
The other part of the sample was a screening sample of approximately 12-15 dwellings per 
meshblock. Again the interviewer collected information on all residents of the dwelling, by 
surveying one adult contact. Māori, Pacific and Asian people were eligible to be selected 
for the full survey interview. One eligible adult and one eligible child were selected from all 
eligible people (if any) in the dwelling. This approach relied on any adult household 
member being able to report on the ethnicity of all adults and children in the household. 
While this proxy reporting was not always accurate, the full survey interview confirms the 
ethnicity of the selected adult. The impact of mis-reporting of ethnicity at the screening 
stage was be a decrease in the Māori sample size but no actual bias since Māori also had 
a chance of selection in the core sample.  
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Different screening sample sizes were used in different DHBs. A target screening sample 
size of 15 was used in ten DHBs with a relatively high proportion of Māori residents 
(Northland, Waitamata, Auckland, Counties Manukau, Waikato, Lakes, Bay of Plenty, 
Tairawhiti, Hutt Valley, Capital and Coast). A target screening sample size of 12 was used 
in all other MBs.  
This sample design resulted in Māori, Pacific and Asian people having increased 
representation in the sample, relative to their population numbers. The probability of 
selection for Māori, Pacific and Asian people is approximately 2.5 times that of the rest of 
the population.  
The choice of core and screening sample size were based on an assessment of the likely 
level of intra-meshblock correlation for key variables, and on the relative priority of national 
and subpopulation estimates.  
Implementation of proxy screening  
Figure 4.1 (next page) shows the household form. An initially contacted adult was asked to 
identify each household members’ sex and whether they were Māori, Pacific, Asian or 
Other ethnicity. The top part of the form was used to record the ethnicity and gender of 
each household member. The bottom part of the form contains a Kish grid, which is a tool 
to enable the interviewer to randomly select an adult from the household (Kish, 1949). The 
showcard in Figure 4.2 (p.41) was provided to respondents to assist in identifying 
ethnicities, and the more detailed showcard in Figure 4.3 (p.42) was provided on request if 
the respondent was unsure how a particular ethnic group corresponds to categories 1-9. If 
category 9 (Other) was indicated, then the respondent was asked to indicate a specific 
ethnic group from the second showcard. It is possible to belong to more than one ethnic 
group.  
The selected respondent was subjected to a full interview on a range of health-related 
topics. The ethnicity was also collected using a more detailed set of questions, and this 
forms the definitive version of ethnicity.  
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Figure 4.2 
Showcard used with the household form: Front page 
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Figure 4.3 
Showcard used with the household form: Back page 
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4.3 Accuracy of proxy screening  
The screening process was applied for the main sample even though all ethnicities were 
eligible for this sample. The main sample can therefore be used to compare the ethnicity 
reported in the survey to the ethnicity reported (sometimes by proxy) in the screen. The 
survey ethnicity is assumed to be correct while the screener is subject to error, as the 
screener uses an abbreviated ethnicity question and is sometimes collected by proxy.  
Table 4.1 shows the cross-tabulation of the screener and survey eligibility status. The 
eligibility status was defined to be 1 if the adult was reported to be Māori, Pacific or Asian, 
and 0 otherwise. Of the 9079 adults observed, 5.1% had a discrepancy between the 
screener and survey eligibility. The misclassification rate was only 1.6% for ineligible adults, 
but a high 16.4% for eligible adults (treating survey ethnicity as the correct value). 
Conditioning on the screener eligibility, people who were reported as ineligible in the 
screener had a 95% chance of being genuinely ineligible, while people reported as eligible 
in the screener were 94% likely to be eligible. The marginal rate of eligibility was 23.6%, but 
the marginal rate according to the screener was only 20.9%, confirming that the screening 
process resulted in some under-identification of eligible people.  
Table 4.1 
Survey eligibility by screener eligibility (core only) 
frequency   Screener Proxy Report   
row percent   Not Eligible  Eligible  Total   
column percent      
Survey Direct Report Not Eligible 6830  111  6941   
  98.40  1.60  76.45   
  95.11  5.85   
     
 Eligible  351  1787  2138   
  16.42  83.58  23.55   
  4.89  94.15   
     
 Total  7181  1898  9079   
  79.09  20.91  100.00   
 
Table 4.1 showed that the major concern with the screener is the tendency to under-identify 
Māori, Pacific and Asian people. Table 4.2 (next page) breaks this down by ethnicity. For 
example, the first row of the table indicates that of adults identified as Māori in the survey, 
22.6% would not have been misclassified as ineligible by the screener. The table shows 
that the under-identification in the screener is most severe for Māori at 21%, and is much 
better for Pacific and Asian at around 8-10%.  
The error rates conditional on the true eligibility are 16% and 5%, for non-eligible and 
eligible respondents respectively. This suggests that the screener is not sufficiently 
accurate for a core sample to be dispensed with, since this would result in 16% of eligible 
people (and 23% of Māori) being undercovered by the survey. This would lead to a large 
potential bias, and would generally be considered unacceptable by most survey users. This 
bias will be further evaluated in Section 4.5. However, the screener does seem to be 
accurate enough to be a useful for stratification in a two-phase design.  
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Table 4.2 
Weighted misclassification rates by ethnicity (main sample) 
Ethnicity  Number in  Percentage Misclassified   
 Main Sample  as Ineligible   
Māori  1248  21.0  
Pacific  369  8.4   
Asian  576  10.3   
Māori, Pacific, or Asian  2138  15.6   
Just one of Māori, Pacific or Asian  2084  15.7   
More than one of Māori, Pacific or Asian  54  9.1   
Doorstep ethnicity for self vs others  
Misclassification by the screener could be due to a number of factors:  
i. Reporting of ethnicity may vary from day to day because people’s own self-
identification of ethnicity may vary, particularly where they belong to multiple 
groups, or due to errors or ambiguity. Simpson and Akinwale (2007) found that 
over 10% of respondents who identified as one of the Black groups in the 1991 
United Kingdom census changed to a group other than Black in a validation survey 
4 to 6 weeks later.  
ii. The initial household contact may be reporting the ethnicity of someone else in the 
household, and the person’s ethnicities may not correspond to the ethnicities 
perceived by their housemate.  
iii. The abbreviated initial screening question, or the fact that this screening process is 
not part of a full survey interview, may mean that the screening ethnicity does not 
correspond to the survey ethnicity, even when the initial contact is reporting on 
their own ethnicity.  
It was not possible to evaluate possibility (i) using the 2006-2007 NZ Health Survey data. 
To determine the relative importance of (ii) and (iii), we could analyse the error rate of the 
screener, broken down by whether the initial contact was the same as the final respondent 
or not. Unfortunately, the identity of the initial contact was not recorded, however we can 
get an indication of this issue by analysing single person households and multiple person 
households separately. In single person households, the contact person must always be 
the same as the final respondent, whereas this would be the case less than half the time in 
multiperson households. Table 4.3 shows the misclassification rates by ethnicity, for single 
and multiperson households. Surprisingly, the table shows that the misclassification rates 
are the same or higher for single person households than for multiperson households for all 
ethnicities. This suggests that issue (ii) is not significant and that issue (iii) is the main 
factor affecting misclassification. Apparently, the screener gives a misclassification rate of 
around 19% even when the initial contact is reporting on behalf of themselves. One 
possibility is that some respondents think that indicating their ethnicity is Māori, Pacific or 
Asian will increase their chance of being selected for the survey, and so report their 
ethnicity so as to avoid selection for the full interview.  
Table 4.3 
Weighted misclassification rates (%) by ethnicity and size of household (main 
sample) 
Ethnicity  Size of Household 
 Single Adult  Multiple Adults
Māori  21.0  21.0   
Pacific  14.4  7.9   
Asian  15.1  10.0   
Māori, Pacific, or Asian  18.9  15.2   
Just one of Māori, Pacific or Asian  18.9  15.4   
More than one of Māori, Pacific or Asian 21.4  7.6   
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4.4 Evaluation of estimation variances: How do screening errors affect 
variances?  
Section 2 considered sample designs where a perfect screening tool is available. In reality, 
screening is usually subject to errors. We will use the subscripts A and B to refer to people 
who are members and non-members of the subpopulation, respectively, as before. We will 
use the lower case subscripts “a” and “b” to refer to people who would be identified as 
members or non-members of the subpopulation by the screening tool. In Section 2, Ua=UA 
and Ub=UB; we will relax this assumption in this section. The following design will be 
assumed: 
• A first phase sample 's  of 'n  units is selected by simple random sampling without 
replacement (SRSWOR) from a population of N units. 
• A screening process is applied to these units, which are then divided into 'as  and 
'bs . 
• Every unit in 'as  is sampled. A SRSWOR of 'b b bn f n=  units is selected from the 
'bn  units in 'bs . (fb is assumed to be chosen prior to sampling.)  
When a=A and b=B, this is the special case of the design in Section 2 where there is only 
one PSU in the population. We have restricted to single stage sampling for simplicity, given 
that there is now the additional complexity that screening is subject to error. 
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It is assumed that generalized regression estimators will be used. A similar model to (2.4) 
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Under this model, it is straightforward to show that  
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Setting s2=1, this can be rewritten as  
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Let C2 be the cost per screening interview and C3 be the cost per full interview, as in 
Section 2. The expected cost is then: 
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Let iaπ  and ibπ  be the probabilities of being selected in the main sample and oversample, 
respectively, for people in PSU i. It follows that the probability of selection in the combined 
sample is (i) ( )ia ibπ π+  for people who are identified by the screener as eligible; and (ii) iaπ  
for others. Hence the design weights are ( ) 1ia ibπ π
−+  and 1iaπ
−
 for these two groups. In the 
NZHS, the latter weights were roughly 2.5 times as large as the former. The design effect 
due to unequal probabilities of selection is often approximated by  
Sampling for Subpopulations in Household Surveys   
Official Statistics Research Series, 4, 2009  47 
www.statisphere.govt.nz/official-statistics-research/series/vol-4.htm  
 1 ( )deff RelVar wts≈ +  
(e.g. Verma et. al., 1980; Gabler et.al., 1999). The difference between (i) and (ii) 
contributed substantially to the variation in the design weights across the whole sample, 
and so to the deff for national estimates. This is unavoidable if subpopulations are to be 
oversampled.  
If the screener was perfectly accurate, then all Māori, Pacific and Asian people would have 
design weight given by ( ) 1ia ibπ π
−+ . However, the screener was sometimes in error and 
some eligible people were not detected as eligible by the screener. These people only had 




. Table 4.4 
shows that the mean weight of eligible people who were correctly identified by the screener 
as eligible was 83, while the mean weight of eligible people who were not correctly 
identified by the screener was much higher at 213. Thus, the errors in the screening 
process led to an increase in the variation of the weights of eligible people. The deff due to 
weighting for eligible people correctly identified was 1.43. When the eligible people not 
correctly identified are also included, this increased to 1.56, an increase of 9%.  
This suggests that the errors in the screen resulted in at least a 9% increase in variance, 
compared to what would have been achieved if the screen were perfect.  
Table 4.4 
Variation in selection weights for eligible adults 
 Eligibility Status according to Screener  
 Eligible  Ineligible  All   
Number of Observations  5084  397  5481  
Mean Weight  83.1  213.1  92.5  
CV of Weights (%)  65.8  52.3  74.9  
Deff due to Weighting (
21 ( )CV wts= + ) 1.43  1.27  1.56  
Estimating the design effect using data collected under a different design  
To understand the usefulness of proxy screening for ethnicity, a number of alternative 
designs using screening will be considered. Estimates of the design effects of each design 
will be needed. Usually design effects are estimated using data collected according to the 
sample design of interest. However, we need to estimate the design effect of a range of 
hypothetical designs, using data collected according to the NZ Health Survey design. A 
method is therefore needed to estimate the design effect of a hypothetical design using 
sample data collected according to a different design.  
The Kish formula for the design effect due to unequal probabilities of selection is widely 
used in practice (Kish, 1965). This approximation only reflects the component of the design 
effect due to unequal selection probabilities, and does not incorporate clustering or 
correlation between selection probabilities and variables of interest. However, the main 
distinction between the designs of interest will be in their unequal probabilities of selection 
for different parts of the population, so the Kish formula is a sensible starting point. 
Suppose that we want to estimate the design effect from a design of interest D1 which has 
probabilities of selection iπ  for each unit 1i N= ,...,  in the population. If data are available 
for a sample 1i =  to n  selected according to D1, the Kish formula for the design effect 
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−= . This approximation is intended to be used once sample data has been 
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collected.  
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Now, suppose we have data from a sample 01i n= ,...,  collected according to a different 
sampling plan, D2, with probabilities of selection 0iπ  from the same population. Suppose 
we are able to calculate the probabilities of selection for the design of interest, D1, for each 
unit in the sample 01 1 n= ,..., . Then we can estimate the deff of the D2 using the data at 
hand, by treating (4.1) as a population quantity of interest. Expression (4.1) is a function of 
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This estimator reduces to the usual Kish formula when D1 and D2 are identical. It has the 
intuitively reasonable property that multiplying iπ , or 0iπ , by a constant does not change 
the estimated deff.  
Expressions (4.1) and (4.2) are for estimates of the overall population. The corresponding 
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Alternative designs  
We will now use (4.2) and (4.4) to estimate the design effects and effective sample sizes of 
a range of alternative designs using screening. The following designs will be considered:  
(1a) Simple random sampling of people, with all selected people surveyed, regardless of 
subpopulation membership.  
(1b) A main sample and an oversample of equal size are selected, both using simple 
random sampling of people. All selected people in the main sample are surveyed. 
Only selected people in the oversample who belong to the subpopulation are 
surveyed. This screening is assumed to be without error.  
(1c) A main sample and an oversample of equal size are selected, both using simple 
random sampling of people. All selected people in the main sample are surveyed. 
Selected people in the oversample report on their ethnicity using the doorstep 
screening tool, and only those who are apparently members of the subpopulation 
are surveyed. This is the same as (1b) except that the proxy screener is used rather 
than perfect screening.  
(2a) A simple random sample of households is selected, and one adult is selected at 
random, regardless of subpopulation membership.  
(2b) A main sample and an oversample of equal size are selected, both using simple 
random sampling of households. In the main sample, one randomly selected adult 
is surveyed. In the oversample, one subpopulation member is selected (if any in 
household). The screening for the oversample is assumed to be without error.  
(2c) A main sample and an oversample of equal size are selected, both using simple 
random sampling of households. In the main sample, one randomly selected adult 
is surveyed. In the oversample, ethnicity is collected for all household members 
using the doorstep screening tool. One apparently eligible adult is then selected and 
surveyed in each oversample household. This is the same as (2b) except that the 
proxy screener is used rather than perfect screener. Design 2c is an idealized 
version of the design used in the 2006-2007 NZHS.  
(2d) This design is the same as (2c), except that the doorstep screening tool is not 
applied to every adult in the oversample households. Instead, one adult is selected 
at random, and the screen is applied to this adult. If they are apparently eligible, 
they are surveyed; if not, the household is discarded. This design is included 
because comparing (2c) to (2d) will show the benefit of being able to screen the 
whole household rather than just one selected person.  
To compare the designs, the sample sizes will be chosen such that the designs have equal 
cost according to the following simple cost model:  
 0 5 ( ) ( )Cost n approached n surveyed∝ . + .  
The designs will all meet a cost constraint of 0 5 ( ) ( ) 20000n approached n surveyed. + = . 
The effective sample size of Māori, and overall, will be calculated for each design.  
Table 4.5 (next page) shows the properties of the 7 designs. The table shows that:  
• Designs 1 and 2 are for simple random sampling of people. The use of an 
oversample (design 2) leads to an increased number of households approached, 
but fewer people actually surveyed due to the screening used in the oversample. 
The number selected from the subpopulation (Māori, Pacific and Asian) increases 
by about 24% from the use of the subsample. The deffs also increases, from 1 to 
1.07-1.09, but the net effect is an improvement in the effective sample size for the 
subpopulation of about 16%. The allocation of resources to the oversample results 
in a decrease of about 24% in the national effective sample size.  
• Design 3 is also for simple random sampling of people, but assumes that the 
screening process is perfect. In this case, the deffs for the subpopulation remain at 
1, because there are no subpopulation members missed by the screening process. 
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The result is that the effective sample sizes for the subpopulation increase by about 
14% (and by about 20% for Māori), while also slightly increasing the national 
effective sample size. This shows that the cost of imperfect screening is a loss of 
about 14% off the best possible subpopulation effective sample size. The main 
inaccuracy in screening was under-coverage of subpopulation members, 
particularly Māori.  
• Design 4 represents an idealized version of the design actually used in the 2006-
2007 New Zealand Health Survey. The main sample and oversample are both SRS 
of households. In the main sample, one adult per household is selected. In the 
oversample, one eligible adult (according to the proxy screener) is selected. This 
can be compared to design 6, which is identical except that no oversample is 
selected. Design 4 results in an increase of about 23% in the effective sample size 
for the subpopulation compared to design 6. This is at the cost of a decrease of 
about 21% in the national effective sample size.  
• In design 5, the oversample is selected by taking one adult from each selected 
household, then identifying their ethnicity, then continuing with the interview if they 
are in the subpopulation. This may be less efficient because the interview is only 
conducted if the selected adult is eligible. Eligibility is still determined using the 
same screening tool, and the same misclassification is assumed as in design 4. The 
table shows that design 5 is less efficient, but only slightly so.  
• Design 7 is as design 4, but assuming perfect screening. This shows that design 4 
would be improved dramatically if the doorstep screening tool could be made much 
more accurate. The data was not available to correctly calculate the results for 
design 7, because the correct number of subpopulation members was not known for 
selected households: all that is known is the number of subpopulation members 
according to the screener which is subject to error. The calculation was performed 
using imputed data based on the screening results for the household and the survey 
results for the selected adult.  
Overall, it can be seen that the use of proxy screening slightly improves the efficiency of 
sampling the subpopulation. Much greater gains could be made if the undercoverage of 
Māori by the screening tool could be improved.  
Table 4.5 
Alternative designs (equal-sized main sample and oversample) 
  Design   
  (1a)  (1b)  (1c)  (2a)  (2b)  (2c)  (2d)   
Households 
Approached  
 13333  17892  17670  17821  18147  13333  17392  
         
People Surveyed  Total  13333  11054  11165  11089  10927  13333  11304  
 Subpop  3516  4355  4660  4072  3821  3056  4602  
 Maori  1746  2096  2314  2173  2002  1642  2549  
         
Design Effect  Total  1.00  1.09  1.10  1.28  1.25  1.21  1.30  
 Subpop  1.00  1.07  1.00  1.33  1.29  1.23  1.27  
 Maori  1.00  1.08  1.00  1.36  1.32  1.22  1.23  
         
Effective Sample 
Size  
Total  13333  10141  10177  8669  8730  11041  8687  
 Subpop  3516  4088  4660  3055  2962  2483  3624  
 Maori  1746  1935  2314  1594  1521  1351  2077  
 
(1a): Main Sample Only, SRS of People  
(1b): Main Sample & Oversample both SRS of People assuming Perfect Screening;  
(1c): Main Sample & Oversample both SRS of People with Proxy Screener;  
(2a): Main Sample only, SRS of Households, One/Household;  
(2b): Main Sample & Oversample both SRS of Households (Screen then Subsample) with Perfect Screening;  
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(2c): Main Sample & Oversample both SRS of Households (Screen then Subsample) with Proxy Screener;  
(2d): Main Sample & Oversample both SRS of Households (Subsample then Screen) with Proxy Screener;  
An alternative approach to dealing with misclassification 
In this section, we have treated the screener subpopulation membership as being fixed for 
each person in the population. An alternative approach, suggested by an anonymous 
reviewer, would be to treat misclassification as a random variable. In this approach we 
could assume the following: 
(4.5) [ ] |
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Design effects and variances could be derived under these assumptions. The optimal 
design of Section 2 could also be extended to allow for misclassification using model (4.5). 
This may be developed in future research. 
It should be noted that (4.5) involves the strong assumption that the misclassification rates 
are the same throughout the population. This could well be violated, for example, 
misclassification might be less in areas where the subpopulation is relatively numerous. 
Possibly (4.5) would be a good enough assumption for design purposes but estimators 
could be constructed which do not require such strong assumptions. 
4.5 Evaluation of bias if the main sample was omitted  
In this design, only people belonging to eligible ethnicities are of interest, and only those 
identified as eligible in the screener are interviewed. If the screener has errors, this would 
result in some bias, unless the misclassification is independent of all variables of interest. 
This bias can be evaluated by comparing eligible (according to survey) people in the screen 
and main sample. The main sample is unaffected by errors in the screener. However, the 
oversample only contains people who were eligible according to the screener.  
Table 4.6 contains an analysis of the difference between these two subsamples for a 
number of variables. Two-sample t-tests were used, and the results are weighted. p-values 
were calculated using the survey replicate weights, using the Sudaan software. The table 
shows a significant but not very large difference for Variable 4; there were no significant 
differences for the other variables. The CI of the difference for Variable 4 was quite large, 
so it is possible that the real bias for this variable could be as high as 6 percentage points if 
this design was used.  
Table 4.6 
Bias – how different is screen to core? 
Variable Mean p-value 







Obesity  0.333 0.367 0.281        0.366 0.0016  
Smoker  0.279 0.285 0.291        0.280 0.7429  
Visited GP in Past Year  0.757 0.770 0.783        0.760  0.3919  
Diabetes  0.068 0.072 0.040 0.076* 0.0043  
Asthma  0.101 0.103 0.115        0.099    0.4503  
* CI of difference: 0.0116 - 0.0606.  
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Table 4.7 contains results from a similar analysis of just Māori. There was a significant 
difference for Variable 1 but not for other variables, although Variable 4 was very close to 
being significant at the 0.05 level.  
The conclusion is that there is a suggestion of bias for at least some variables if design (i) 
were used. The confidence intervals for the estimated biases are so wide that it is difficult 
to conclude that the bias is small for any variable. In addition, the fact that around 20% of 
eligible populations (more of Māori) would be undercovered in this design would be of 
concern to users of survey data. Therefore, design (i) does not appear to be a viable option 
- there needs to be at least a small main sample.  
Table 4.7 
Bias for just Māori 
Variable Mean p-value 








Obesity  0.382 0.445 0.450 0.291 0.0000*  
Smoker  0.413 0.431 0.434 0.380       0.1446   
Visited GP in Past Year  0.787 0.794 0.793 0.781       0.6929   
Diabetes  0.056 0.060 0.064 0.039       0.0520   
Asthma  0.150 0.158 0.152 0.162       0.7328   
* CI of difference: 0.094-0.224  
4.6 Conclusions  
The proxy screening approach resulted in about a 16% rate of false negatives for 
identifying Māori, Pacific and Asian people in the New Zealand Health Survey. The false 
positive rate was about 5%. Deming(1977) showed that the false negative rate is the more 
important issue, and argued that the rate needs to better than 25% for two-phase sampling 
to be worthwhile, so this requirement was achieved here. Screening errors were not 
primarily due to the proxy reporting of co-residents’ ethnicities, since the error rates were 
actually higher in single person households. This raises hopes that improvements in the 
screening ethnicity questions or interviewer training could reduce the error rate in future.  
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5 Evaluation of the suitability of the Māori Electoral Roll for 
sampling the Māori population      
5.1 Comparison of Māori Electoral Roll to New Zealand Health Survey  
Respondents in the 2006-2007 NZHS were asked if they were willing to be recontacted for 
future health surveys. 7891 respondents (out of a total of approximately 12000) agreed to 
be recontacted, and address information was retained for these cases. Among other 
variables, the NZHS collected ethnicity, in particular whether respondents were Māori or 
not.  
These 7891 respondents with addresses were matched by address to the NZ Electoral 
Roll, to determine how closely addresses on the Roll with at least one identified Māori voter 
correspond to addresses with Māori residents according to the survey. Matching was 
automatic and no fine tuning of the matching by hand was attempted. On the face of it 
however there seems to be no reason to suggest the matched sample is not representative 
of the other addresses.  
According to the 2006 Census there are about 3.1 million New Zealanders 18 years or 
over. The electoral roll has about 2.8 million, so about 10% difference. Not all of these 
people would be excluded from an electoral ’address’ frame (those unregistered or 
ineligible to vote but who live with registered voters would be covered by the frame).  
Using the matched sample from the urban areas only, we have a sample of 7119 dwellings. 
Table 5.1 shows the two-way table of addresses in urban areas by: those identified by the 
Electoral Roll as having at least one person of Māori descent; and those identified by the 
NZHS screening process as having at least one person who identifies as Māori. The table 
suggests that of all the Māori in the matched sample who identified in the NZHS, 85% 
(1552/1827) could have been found by direct approach to a dwelling identified by the 
electoral roll.  
Within the group of households identified from the roll as containing a Māori 77% 
(1552/2006) would be found to contain a Māori when we came to screen the household in 
the NZHS. This compares to an overall rate of 26% NZHS Māori (1827/7119) found in the 
matched sample. Thus we improve the hit-rate from (1 in 4) to (3 in 4) through the use of 
the electoral roll data.  
Table 5.1 
Electoral roll vs New Zealand Health Survey screener (urban areas) 
 Household Status According to Roll   
Household Status According to NZHS 
Screener  
non-Māori Māori Total  
non-Māori  4838 454 5292  
Māori  275 1552 1827  
Total  5113 2006 7119  
 
Table 5.2 (next page) contains similar information for rural areas. The match rates are very 
similar to those from urban areas. 28% of the rural matched sample were Māori according 
to the NZHS Screener. Of these households, 85% appeared as Māori on the Roll. Of the 
236 Māori households on the Roll, 78% would have been confirmed as Māori households 
according to the NZHS screener.  
Another way of expressing the match rates is that the false positive rate of the Roll is 8.6% 
(454/5292) and the false negative rate is 15% (275/1827), in urban areas, with similar 
results for rural areas. Deming(1977) argued that the false negative rate is the more 
important measure in determining efficiency in screening.  
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Table 5.2 
Electoral roll vs New Zealand Health Survey screener (rural areas) 
 Household Status According to Roll   
Household Status According to NZHS 
Screener  
non-Māori Māori Total  
non-Māori  503 51 554  
Māori  33 185 218  
Total  536 236 772  
 
The measures of the Roll error rates so far are all based on an assumption that the NZHS 
screener is correct, but in fact the screener is itself subject to significant error, as discussed 
in Section 4. The main error in the screener is that around 20% of Māori (according to the 
more reliable interview ethnicity) are undercovered by the screener. It is therefore possible 
that much of the 15% of households on the Māori Roll who are not Māori on the NZHS 
screener, would in fact be found to be Māori in a survey interview. This means that the 
false positive rate of the Māori Roll may be lower than suggested by Tables 5.1 and 5.2. 
There is very little overcoverage by the screener which suggests that the false negative 
rates provided by Tables 5.1 and 5.2 are probably accurate and not much affected by 
screener errors.  
5.2 Numerical evaluation of sample designs using Māori Electoral Roll  
A number of designs using the Māori Electoral Roll, and one design involving two-phase 
screening for Māori, were evaluated numerically. The designs were: 
• Design 3a was based on Design 2a defined in Section 4, but screening for Māori only 
rather than for Māori, Pacific and Asian people. The main sample and oversample are 
both simple random samples of households, of equal size. In the main sample, one 
adult per household is selected. In the oversample, one Māori adult (according to the 
proxy screener) is selected.  
• Design 3b is identical to 3a, except that in the oversample, only households which 
appear on the Māori Roll are approached. This avoids any household contact and 
screening costs for oversample households not on the Roll; however, it has the 
downside that Māori households not on the Roll have a reduced chance of selection 
since they can only be selected in the main sample.  
• Design 3c is the same as 3b, except the oversample contains twice as many 
households as the main sample;  
• In design 3d, households are stratified according to whether they are on the Māori 
electoral roll or not. Households on the Roll are assigned twice the chance of selection 
as households not on the roll, to give roughly the same relative probabilities of selection 
to Māori and non-Māori as (3a) and (3b). One adult is selected from each selected 
household without reference to their ethnicity.  
• Design 3e is the same as 3d, but households on the Roll are assigned four times the 
chance of selection as households not on the Roll.  
The designs were evaluated in the same way as the designs in Section 4. Unit record data 
from the matching to the Roll was not available for this exercise. To perform the calculation, 
each household in the core sample of the NZHS needed to be classified as on the Roll, or 
not. To do this, households were assumed to have a 84.9% (1737/2045) chance of being 
on the Roll if they were identified as Māori households by the screener, and a 8.6% chance 
(505/5846) otherwise. Households were then classified randomly as being on or off the Roll 
according to these probabilities.  
All of the designs were normalized to have a cost of 20,000 units, where the cost per 
person interviewed was assumed to be 1 and the cost per household approached was 
assumed to be 0.5.  
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Table 5.3 shows the results. Design (2c) was also included for comparison as this is an 
idealized version of the NZHS design - see Section 4 for details. The table shows that:  
• Not surprisingly, when we screen for Māori only in (3a), the effective sample size of 
Māori is increased compared to screening for Māori, Pacific and Asian people in (2c). 
The national effective sample size goes down somewhat.  
• Design (3b) is similar to (3a), but the Roll is used to reduce the number of households 
approached in the oversample. This results in an increase in the effective sample size 
of Māori from 1718 to 1871 (9%) and an even greater increase in the overall effective 
sample size from 8316 to 10208 (23%).  
• Design (3c) is a variation on (3b), designed to direct the benefit of using the Roll 
towards improved precision of Māori estimates rather than overall estimates. The Māori 
effective sample size is 1968, representing a 15% improvement on (3a). The national 
effective sample size is also higher than (3a) by about 9%.  
• Design (3d) stratifies households using the Roll, and does not make use of a household 
screening process. This is less efficient than (3b) and (3c) which use both the Roll and 
a screener. Design (3e) is similar, and gives higher Māori but much lower national 
effective sample sizes.  
The best gains from using the Māori Roll to improve precision of Māori estimates are 
achieved from design (3c), which gives a 15% and a 9% increase in the Māori and national 
effective sample sizes, respectively. These gains are not as dramatic as expected, given 
that 85% of Māori households can be identified essentially without cost by using the Māori 
Roll.  
Table 5.3 
Alternative designs involving screening for Māori adults 
  Design   
  (2c)  (3a)  (3b)  (3c)  (3d)  (3e)   
  
Households Approached   17821 18180 13470 29634 13333 13333 
  
People Surveyed  Total  11089 10910 13265 13214 13333 13333 
 Subpop  4072 3347 3915 4552 3708 4543 
 Maori  2173 2305 2633 3367 2355 3268 
  
Design Effect  Total  1.28 1.31 1.30 1.46 1.29 1.60 
 Subpop  1.33 1.54 1.51 1.89 1.43 2.03 
 Maori  1.36 1.34 1.41 1.71 1.34 1.77 
  
Effective Sample Size  Total  8669 8316 10208 9079 10360 8353 
 Subpop  3055 2179 2594 2407 2595 2243 
 Maori  1594 1718 1871 1968 1761 1845 
(2c): Main Sample & Oversample both SRS of Households (Screen then Subsample) with Proxy Screener for Māori, Pacific 
and Asian;  
(3a): As (2c) but Screen for Māori only;  
(3b): As (3a) but in the Oversample, only Households on the Māori Roll are approached;  
(3c): As (3b) but oversample contains twice as many households as main sample;  
(3d): Stratify by whether or not Household on Māori Roll, select one adult per household regardless of ethnicity.  
5.3 Discussion  
Around 85% of households with a Māori resident (according to the NZ Health Survey) 
appear on the Māori Electoral Roll. The Roll is therefore a useful aid to sample selection. If 
the Roll is used as a screening tool, the effective sample size of Māori can be increased by 
about 15%, for fixed cost, according to the cost model and simulation in Section 5.2.  
The sample designs evaluated in Section 5.2 target the Māori population and also achieve 
reasonable national effective sample sizes. They do not oversample the Pacific, or Asian 
populations. The gains from the use of the Māori Roll would be reduced if a large screening 
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exercise for Pacific and/or Asian people was needed. If Māori and Pacific estimates are 
both required, a sensible design might be to:  
• use disproportionate sampling (i.e. one of the designs from Section 2) based on the 
Pacific population only; and  
• use design (3b) (described in Section 5.2) to obtain the required effective sample 
size of Māori.  
The Pacific population is more geographically clustered than the Māori population, so a 
design along these lines might do well for both groups.  
The New Zealand Electoral Act allows for electronic access to the Roll for the purposes of 
conducting a survey on a topic related to a human health or scientific matter. Access to the 
Roll will need to be negotiated with Elections New Zealand for specific surveys which meet 
this criterion.  
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6 Conclusions 
Sampling the Māori and Pacific populations in national surveys is a challenging and 
expensive task. Typically large screening samples are needed to achieve adequate 
precision for estimates for these groups. This project extended existing subpopulation 
sample design theory and analysed a number of other issues relevant to sampling 
subpopulations in New Zealand.  
Section 2 developed optimal two-stage designs for subpopulations. The best designs had 
essentially the same individual probabilities of selection as the well known design of Kalton 
and Anderson (1986), but, unexpectedly, the sampling fraction within primary sampling unit 
depended inversely on the density of the subpopulation. Using this design rather than some 
other adaptation of the Kalton and Anderson design led to a 5-10% decrease in the relative 
standard errors for Māori estimates. This translates to roughly 10-20% reduction in cost to 
achieve the same level of precision. A more important use of this theory is to discourage 
more aggressive forms of targetting, which can lead to very inefficient designs.  
Section 3 found that the use of out of date Census data had very little effect on sample 
design.  
Section 4 found that the use of a proxy screening tool for ethnicity provides only a small 
benefit. This could be rectified if the screener’s undercoverage of Māori could be reduced 
below its current level of 20%. The misclassification appeared not to be due to the proxy 
reporting, but to some other issue, for example the screener question may have been too 
brief, or respondents may have answered strategically to avoid being selected for a full 
interview.  
The greatest potential improvements come from the use of the Māori Electoral Roll, 
provided access to the Roll for survey selection purposes can be negotiated. The Roll 
covers around 85% of households with a Māori resident. Section 5 found that using the Roll 
as a screening tool can increase the effective sample size of Māori by about 15%, for fixed 
cost.  
Surveys of the Māori and Pacific populations should use an efficient unequal probability 
design, and an accurate screening method, for example the Māori Electoral Roll or an 
enhanced version of a proxy screening tool. These steps will not remove the need for a 
large screening sample, but will make a reasonable level of precision for Māori and Pacific 
statistics significantly more affordable.  
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Appendix 1: Proof of Theorem 1 in Section 2  
Appendix 1.1 Stationary Point  
Write gg g nθ π= ′  and ggB g gB g gBf fnθ π θ= =′ . Then EC  is linear in gπ , gθ  and gBθ  and F  












. To be valid, solutions must satisfy gB gθ θ≤  corresponding to 
1gBf ≤ . (Other inequality constraints apply, but this turns out to be the most important 
because it is active in most cases, because this occurs whenever one or both of the first 
phase strata are fully enumerated in the second phase.) This is a special case of the 
Neymann allocation problem, and solutions must lie on either a stationary point or on a 
boundary. Stationary points are given by  
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(e.g. Clark and Steel 2000) where λ  is such that (2.7) is satisfied. It will further be 
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Solution when Stationary Point is Invalid  
The stationary point is only a valid solution if 1gBf ≤ . This is true when:  
1gBf ≤  
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which is condition (2.9) (stated in the Theorem). Let 
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The optimal design is then  
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The corresponding values of gn′  and gBf  are  
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